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Cold-flame propulsion system 



The present invention relates to the sector of 
motor vehicles in general and more particularly those 
5 which use units (linear generators and/or crankshaft 
engines) where combustion of the fuel takes place in 
accordance with the method - devised by the same 
inventor and described in the patent application 
PCT/IB97/01362 - which allows a reduction in the 

10 production of pollutants (UHC, CO r NO x ) by keeping the 
flame at suitably low temperatures and by ensuring that 
the end part of the combustion occurs in the presence 
of a quantity of air which is considerably greater than 
the required stoichiometric quantity. 

15 For the abovementioned reasons, the internal- 

combustion units which use this method are termed 
"cold-flame" and this definition will therefore be used 
also in the remainder of the present description. 



20 the dynamic action which the expansion of the air 
contained in the rear part of a prechamber exerts on 
the flame front generated by combustion, and the 
intensity of this action, namely the speed of return of 
the flame front towards the outlet of the prechamber, 

25 depends on the volume of the said air-containing part 
and on the withdrawal speed curve of the piston or 
pistons during the period of time in which combustion 
occurs. As a result the withdrawal speed of the piston 
cannot vary beyond certain limits without causing a 

30 return of the flame front which is either too rapid, 
with it leaving the prechamber and as yet uncombusted 
mixture being introduced into the cylinder, or too 
slow, with excessive advancing of the flame front 
itself towards the rear part of the prechamber, and the 

35 dispersion of the still uncombusted mixture in the air 
contained there, which air, however, must remain 



As is known, the abovementioned method is based on 
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"clean" in order for the method to produce the desired 
results . 

The power generated by a cold-flame unit may 
therefore be regulated only within given limits by 
5 means of variation in the number of operating cycles 
per unit of time, with speeds which, increasing from a 
minimum value up to a value about 1.5 times greater, 
result in a corresponding increase in power (the 
efficiency remaining practically unvaried) from its 
10 minimum value to the maximum value insufficient to 
cover the range of values required by an internal- 
combustion unit for the purposes of mechanical 
traction. 

In view of the low energy per cycle generated in a 

15 cold-flame combustion unit, it is also not possible to 
reduce beyond certain limits the quantity of fuel 
burned in a cycle without producing inadmissible 
negative effects both on the overall efficiency and on 
the temperatures inside the cylinder, which may become 

20 too low, resulting in the production of carbon monoxide 
(CO) and uncombusted hydrocarbons (UHC). 

This combination of factors results in the 
difficulty of using a cold-flame combustion unit for 
medium or medium-to-high power outputs, by regulating 

25 the number of cycles and the variation in the load, it 
only being possible to vary the value of the power 
between a nainimum value and a value 4-6 times greater. 

The inventor of the present invention has had the 
idea that, in order to avoid all the problems described 

30 above, it is required to divide up the power which must 
be generated, distributing it among several cold-flame 
combustion units associated with each other so as to 
form a suitable propulsion system. for a motor vehicle. 

For the management of a motor vehicle it is 

35 necessarily required to generate, in addition to the 
mechanical energy for traction, also a quantity of 



WO 03/059675 PCT7IB02/05691 

3 

electric energy for carrying out necessary services 
such as injection of the fuel, its ignition, 
illumination and accessory services of various types. 

The inventor has therefore ascertained that the 
5 abovementioned problems may be avoided by equipping a 
motor vehicle with one or more cold-flame current 
generators (of the type described in the application 
PCT/EP95/02054 in the name of the same inventor) which 
produce in the form of electric energy a suitable 

10 fraction of the total power necessary for a motor 
vehicle, this energy meeting the electrical requirement 
and also supplying one or more electric motors intended 
for traction, and with a cold-flame crankshaft engine 
which produces mechanical energy having a power which 

15 varies between a minimum value, substantially 
coinciding with the maximum value of the power emitted 
by the generator ( s ) , and a maximum value 4-5 times 
greater. 

With this propulsion system it is possible to move 

20 a motor vehicle firstly using only the power produced 
by the generators for the purposes of traction, and 
then using only the crankshaft engine with power 
outputs increasing within the (maximum) power fraction 
generated by it, and then adding again during the final 

25 stage the power produced by the generators which are 
again gradually actuated up to their maximum power. 

The generator, or one of the generators, must 
however always continue to operate at suitable speeds 
in order to produce the electric energy required by the 

30 motor vehicle as a whole. 

Using this propulsion system, as will be seen more 
clearly below, it is possible to achieve results in 
terms of efficiency and specific consumption which are 
extraordinarily advantageous, even significantly more 

35 so during the urban cycle, so that the total power 
required is limited to few kW, resulting moreover in a 
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negligible level of environmental pollution. 

This is due to the fact that each unit is always 
used, individually or in combination with the other 
units, at a power level corresponding to an optimum 
5 efficiency value. 

An example of embodiment of a propulsion system 
according to the invention will now be described, with 
reference to some numerical values which will highlight 
the importance of the results achieved. 
10 In the said description reference will also be 

made to the accompanying figures wherein: 

1) Figure_JL- shows the block diagram of an example 
of embodiment of the propulsion system according to the 
invention applied to a four-wheel vehicle; 
15 2) Figure 2 shows a diagram which illustrates the 

overall efficiency curves of a single cold-flame unit 
and an internal-combustion unit of the conventional 
type with an increase in the percentage power used; 

3) Figu re 3 shows a diagram which illustrates the 
20 overall efficiency curves of a cold-flame propulsion 
system according to the invention and a propulsion 
system of the conventional type as a function of the 
power used. 

In the particular case described here it has been 
25 assumed that the maximum power of the propulsion system 
is 50 HP. 

If only one cold-flame unit were to be used in 
order to generate this power, an efficiency trend as 
indicated by the curve Y situated in the uppermost part 
30 of the diagram according to Fig. 2 would be obtained, 
with an overall efficiency value which varies from 
about 0.186 at a power output of 10 HP up to 0.419 at a 
maximum power of 50 HP. 

The efficiency values would be significantly 
35 higher in each speed range compared to those indicated 
by the curve Y l for a propulsion unit of the 
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conventional type, but the minimum power which can be 
used with a good level of efficiency would be 10 HP, 
namely it would have a value which is too high to be 
able to initiate the movement of a motor vehicle 
5 without jolting. 

A cold-flame unit with this power output, 
especially in the case of linear generators, would also 
have excessively large dimensions. 

If, however, the propulsion system according to 

10 the invention indicated by the reference number 10 in 
Figure 1 is used, it is possible to obtain the 
efficiency value curve K shown in Fig. 3, with values 
still higher in any speed range compared to those 
indicated by the curve K 1 in the same figure for a 

15 conventional propulsion unit and values superior by an 
unusually significant amount compared to the latter in 
the power range between 1 and 10 HP normally used in 
the urban cycle of a motor vehicle. 

The horizontal lines W, W 1 indicating the average 

20 efficiency within this power range of the two 
propulsion systems show how the system according to the 
invention has an average efficiency 2.34 times that of 
a system of the conventional type (the percentage 
increases in the efficiency are shown in brackets). 

25 This means, in other words, that a car with a 
conventional propulsion system which travels, in a 
town, an average distance of 10 km per litre of fuel is 
able to travel as much as 23.4 km using the propulsion 
system according to the present invention. 

30 Also in the power range of 10 to 28 HP, intended 

for mixed road/town use, the average efficiency of a 
cold-flame propulsion system according to the invention 
(indicated by the line Z) is 1.72 times greater than 
that (indicated by the line Z 1 ) of a conventional 

35 propulsion system. 

Finally, overall, the average efficiency in the 
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power range of 1 to 50 HP (indicated by the dot-dash 
line X) is 1.82 times greater than that (similar line 
X 1 ) of a propulsion unit of the conventional type, with 
the result of increasing 1.82 times the average 
5 distance travelled in kilometres per litre of fuel. 

This result is obtained by using each cold-flame 
unit within an optimum efficiency range, in which the 
efficiency passes from about 0.186 at minimum power to 
0.419 at maximum power, and combining the action of 

10 several units so as to generate the power necessary in 
all conditions of use. 

According to a solution preferred by the inventor, 
the propulsion system 10 according to the invention, 
shown schematically in Figure 1, is composed of two 

15 cold-flame linear generators 1, 2 which can be actuated 
separately or in pair and are associated with a two- 
stroke cold-flame crankshaft engine 3. 

The said generators 1, 2, which in any case 
operate so as to produce all the electric energy 

20 required by the vehicle, supply with their residual 
power one or more electric motors 4i which are 
mechanically connected to the axle of one or more pairs 
8, 9 of driving wheels. 

Figure 1 also shows two electric motors 4i 

25 connected to the axle of the rear wheels, but also the 
solution of applying only one electric motor to the 
output shaft of the crankshaft engine 3 may be used 
without problems, depending on the characteristics (two 
or four driving wheels) and the performance to be 

30 imparted to a motor vehicle. 

As regards the management of the various units 1, 
2, 3 forming a propulsion system 10 according to the 
invention, an example will now be described, with 
reference also to that shown in Fig. 3. 

35 For the reasons already illustrated above, in a 

cold-flame unit, in order to achieve an overall 
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efficiency of between 0.186 and 0.419, it is possible 
to vary the frequency of the cycles by about 40-50%, 
for example between 1400 rpm and 2000 rpm, and the 
quantity of combusted mixture between a minimum value 
5 and a value about double the latter. 

Owing to the fall in the efficiency with 
decreasing quantities of mixture (i.e. reduction in the 
load), consequently, by adding together the effects of 
the two variations, an output power for an individual 

10 unit equivalent to between 20% and 100% of the maximum 
power is obtained. 

In the case considered here, the two said 
generators 1, 2 of the linear type each produce a power 
output of between 1 HP and 5 HP. 

15 The initial movement of the vehicle is therefore 

performed by means of a single generator (segment A in 
Fig. 3), which operates at a practically constant speed 
with a load which increases from an initial minimum 
value to a value double that, and with a power output, 

20 as mentioned, of between 1 and 5 HP. 

If it is required to increase the power, the 
second generator is also activated at half of its 
maximum power and reducing at the same by half the 
power generated by the first generator, so as not to 

2 5 cause power surges during this transition. The two 
generators, increasing their load up to the maximum 
value, therefore produce together an overall power 
which varies between 5 and 10 HP (segment B). 

If it is required to increase the power still 

30 further, the piston engine is actuated with minimum 
power (10 HP) at 65% of the load, excluding from 
traction the two generators (one of which continues to 
operate at a speed suitable for supplying electric 
current to the system and to the motor vehicle in 

35 general). 

Since the rated power of the piston engine is 
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substantially identical to the overall maximum power of 
the two generators, there is no surge in power and it 
is possible to increase its power (segment C) from 10 
to 2 8 HP by regulating the quantity of fuel with still 
5 the same operating frequency (for example 1400 rpm) . 

In order to increase the power even further 
(segment D) it is possible at this point to increase 
the operating speed of the engine from 1400 to 2000 
revolutions without modifying the load, which remains 

10 constantly at its maximum value, causing the power to 
rise from 28 to 40 HP. 

In order to increase the power yet further, it is 
again possible to arrange in succession (segments E, F) 
the two generators which, adding their power fractions 

15 to maximum power fraction of the engine, increase the 
power output to its maximum value of 50 HP. 

In order to decrease the power, obviously, it is 
sufficient to perform the same operations described 
hitherto in the reverse manner and sequence. 

2 0 The method described above is not the only one 

possible, it being also possible to regulate in 
different ways and/or different sequences the 
load/speed operating variables of the various units of 
the system. 

25 By drawing limited quantities of energy from a 

flywheel which may be formed by batteries, capacitor 
systems, etc., it is possible to improve further the 
efficiency curve by "smoothing" the connecting angles 
between the segments A, B and C, as indicated by the 

30 broken lines O, U. 

In order to obtain a suitable and continuous 
regulation of the torque or the driving torques with 
variation in the speed of a motor vehicle it is 
preferable to envisage the incorporation of an 

35 automatic gear unit (indicated by 5 in Fig. 1) between 
the traction units or some of them and the driving 
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wheels . 

It should be noted that the overall efficiency 
values of the propulsion system 10 in question, 
referred to in the description and the figures, are 
5 obtained with each cold-flame unit 1, 2, 3 operating 
with a compression ratio of 8.8: 1. 

By increasing this ratio within certain limits it 
is possible to achieve even higher efficiency values. 



